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»■ „. Amendments to ttie Specification: - ^ • - . v 

- Please replace the paragraphs starting at.page ljine l-6.tooughjo.the < paragraph.ending , at page ^ . : 
•2. . 2, line 27* with the following paragraphs: - - • T. 

- . ~ "_ SUMMARY -~ J - 

- - ' 'In one aspect the invention features an opti e a carrier pack includin&a housing ur>it,having ; - 
multiple slots configured to accept optical modules, a stack interconnect having a connector . : , 

~>r . " associated with a slot of die multiple slots of the housing unit, and an ep^'camg[ pack, ^; 
connector electrically coupled to the connector of the stack int^connect. 
: Embodiments may include one or more of the following. The carrier pack includes a - c 

main circuit board to supplyan electrical path to couple the opties camei pack connector to the 
; ~ : * connector of the stack interconnect. Tho pack has a ofrettit board to cu^ y- Qn - ol ootrical p atfe-te 
eeap lo-thQ optics paolc oonnootor to iho connector of th e- ptaok int e rconn &etT The main circuit • 
- board is configured to convert a first signaling rate aissociated with an.optical module, that is; .. 

inserted into the a slot to a second signaling rate associated with. a device coupled to the opto* . 
* carrier pack connector. Hie optical modules share a common set pf circuitry kH &Q circuit . 
: *■ \ meiale on the main circuit board . In another example, the carrier pack includes status indicators 
': associated with operation of the module or a slot The facepjate may include the status : , ; 
indicators. The stack interconnect is connkted to the ma^^ 

includes a repeater to relay a signal or a connection to the circuit module. The carrier pack . 
' ; includes two faceplates separated from each other by a slot in the. housing; a light pipe, and/ or a \. 

heat sink. The heat sink may be included'in anupperpart of the housing. « 
. * . hi another embodiment, the stack interconnect can include a riser boanl and a mezzanine - 
- - connector.. The stack interconnect can include a riser board and a mezzanine connector to. r . 
electrically couple the connector and thejnain circuit board- The mezzanuie connector car] 
- include a male portion and a female portion. The male portion of tfie^mezzanine-coTuiector . • 
Vattaches P the manr citcuit board and thefemale portion of the mezzanine- connector attaches : to - . 
~ " " the riser board. In another example, a female portion of the mezzanine coriiaector attaches to. the. 
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- - main-circuit board and a male^portion of the mezzanine connector attaches tp ; the riser board, 
< The riser board can be removably coaled to - ~r\. ^ 

-JT ^ The' carrier pack-mayalso include-a'second'riser board and" a second mezzanine - 

• * ^ connector. In this^xanipje/tiie first mezzanine connector attaches avfirst riser board to a top side 
y - ' 0 f the main circuit board and the second mezzanine connector attaches a second riser board to"a „ 
. bottom side of the main circuit board. -The mezzanine connectors can inchide a plastic body and 
-•■ - metal contacts,- ' _ - - „• - ^ 

- . One or more aspects of the invention may provide one or mpre-ofthefpllowirig 
advantages, * m * 

The optical modulo carrier pack includes a stack interconnect arrangement that splits a 
single row of slots in tfte receiving device into an array of slots in the carrier pack; Each slot is . 
configured to accept atfoptical module, thus, increasing'choices available for mixing different . 
types of modules while still fitting into the space allowed for a single slot. 

The carrier pack includes a stack interconnect arrangement with mezzanine connectors 
and riser boards'. "The arrangement permits removal of a single riser board in the event of a board 
failure without necessitating the replacement of a main circuit board. Whereas, if circuitry on the 
main circuit board fails, the main circuit board can be replaced with a new.circuit board and the . 
riser boards can lie removed from the failed main circmt^oard and attached to the new niain 
circuit board. [[T]] . . v. > „ 

Please replace the remaining.paragraphs of the specification starting at page 3, line 6 with the 
following paragraphs: . \ • ' * ;i - 

* * *■ 

. . . " DESCRIPTION OF DRAWINGS • 

" " FTft i is"a pm-y active view of aare p i io fl fraolE jt carrier pack adapted to be p1ugged.into_a 

- ^ shelf and optical modules adapted to^e plugged into the.camer t>a ck:provided by an embodiment 
of the invention. - • ' . _ - - ■ - .. - "- ' 

FIG 2 is' a side.view. drawn to an enlarged scale, of feo optics paolc*an optics mo'dute 
* ^ahfiffinjnefFIG'l. ~ / " .- * 

m " - «t ' * 

*•- ■: A «.,. - «• ■ ^ 

• « •» " «■ « 

3 • • . 
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" FIG 3 is a top view of tho optics pack the optics ni adule shown in ef FIG i % * * t _ 
~ -t -y " - FIG 4 is a breakaway perspective view, ^wn to a slisHtlv enlarged scaler of^e^em .r 
' jrwi^a dnn of fee optie s the carrier pack of Figure 1 holding a circuit .board . ~ ~p . -.. -^r" 

- • ~FIG 5 -shows ah interconnect arrangement^ ^ ~ - . 

~ - FIG 6 shows an alternate interconnect arrangement^ - . • - - - . 

-FIG 7 is analtemate embodiment of {fee a optics carrier pack. _ ; \ - * 

FIG 8 shows 4e a circuit board inside the ep^esjmnec pack shown in FIG 7. 

* - ■ "* . 

' DETAILED DESCRIPTION '.■ ■ . 

Referring to FIGS; 1-3, a system 10 includes a carrier pack 14 having slots 30 to accept 
optical modules 12.-The*carrier pack 14 connects to an optical back plane 44 11 of aswitch shelf 
* ; 16. Multiple ones of the optical modules 12 may be connected to me.carrier pack 14. Signals ..- 
from the multiple optical modules 12 are transmitted through the. carrier pack 14, as- discussed 
below, and outputted from the carrier pack 14 on an ewtput-connector 26 (FIG 2 and 3 1 and4) of 
the carrier pack 14.*The eatp«* signals from the carrier pack 14 are received'ea at the optical • 
back olane 11 corresponding to a single I/O slot 28 en of the shelf 16 a Hke- optioal back piano 16 . 
Similarly/signals from the I/O' slot 28 . are received by carrier pack 14 and transmitted to optical 
module 12. Carrier pack 14 includes a housing ¥f- mcluding a split faceplate-20 having slots. 30 
recessed from faceplate 20 to allow the optical modules 12 to be plugged into carrier pack 14. • 
The slots 30 have oonnoctoro connector access holes 32 to mato with receive a connector IS on 
opticai module 12 and provide a connection between carrier paok : 14 and optical module 12. 
Multiple slots 30'are included to form columns 33-of optical modules 12. The slots-30 and 
; m riiag fnntnmr nnnnector access holes 32 are configured to allow a variety of optical modules 12 
'~ - * "to be plugged into the-carrierjack 14. . The slots may^also.include guide rails 29 to assist a user. . 
- - ■• ; m 'pluggu^amoduISJ2^^ • 
- optical niodule-12 fits" into^i'e guide rails 29 aHgning the connector 18 on the QBticsl module 4*.. * 

" 1 7. with the. connector access holes 32 in slot 30. , '. - . ~_ 

The housing of carrier pack -14 includes^ heat smk regional, endcaps 36, faceplate.20, • 
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*" ^and topside panels 38. A set of screws 30 connect the faceplate 20, topside panel 38,.heat sinking 
region 22?md endcaps.36. Alternately, adhesive booding'or other fastening techniques can be' , 
-'used to connect.the components forming the carrier pack, the housingmay be .composed of " ^ 
* plastic, metal, or_a combination of materials. _ »*";..• .. 

' .The carrier-pack houses a circuit board 68* (not Ghown Figure 4). -During operation the 
circuit board generates heat, thus, a -heat sink region 22 is provided on the.c^rrier'pack.14. In this 
- . example,~heat sink region 22 includes_fins. Airflow across the fins cools, the fins and'dissipates . 
heat from the heat sink region. ~ - • 

Split Faceplate faceplate 20 includes a light emitting diode (LED) 34 functioning as a - 
' status indicator.. Color-coding- of LED 34 allows an operator to de-bug the functionality of the" 
module. For example, a coding system may be used which associates ared LED with a failure, a 
yellow LED with an error in which the device is still at least partially functional, and a green 
LED with normal operation. This color-coding system enables an operator to diagnose the 
functionality of the system 1 0.' The carrier pack may include multiple sets ; of status-indicating 
LEDs. For example, a carrier pack may include three sets of LEDs: a first set of LEDs reflecting; 
the functionality of the I/O slot 28 in the optical back plane 16, a second set of LEDs reflecting 
the status of the carrier pack 14, and a third set of LEDs indicating the status of a pluggable optic 
device 151 (Figure 3 and 7) such as [[an SPF]] a small form pluggable fSFFL or asd an 10 
Gigabit small form pluggable (XFP) if there are more than one pluggable device on. the optical - 
. module. Thus, when an operator desires to debug the system, the operator can :det ermine if a 
failure is associated with I/O slot 28,* carrier pack 14, orpliiggable optic device45L In another 
example, the status indicators may include an LCD panel. The LCD panel displays information . 
on the status qfthe module, pack, and/or slot. . ; - ' „ - • 

Referring to FIG. 4, carrier pack T4 includes a circuit board 68 disposed in the earner. 

pack W 14 under the heat sink region 22, The heat sink region-22 lies above .the circuit board foT 

> - heat dissipation. The circuit board 6&attaches to heat sink region 22. End caps 3.6attach to ~ 

circuit*board 68 and heat sink xegion 22. The end caps 36 may include, a'feature such as a strip to 
* - '^T * '** -"*■** * "™ "* v ' z. ~ ' * 

^ align the carrier pack 1 4to 170 slot *28 in:b aok plan e shelf 1 6: The eefl flo e tQMlots connector 

access holes 32 of the housing match wittf a connector device76 oncircuit board 68 v The, 
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-" connector device 76 provides a'path for a si'gnal to travel from 'the optical module, 12 to the ^ *, 
" circuit board 68. «■ f - T * ~. - * * - " 

- • " "Circuirboard 68 includes routing, pTowerfand circuiey tb.accept siguals^from the. optical .r 
~ . ~ modules 12_and to routrsignals to optical module 12r The optical modules may operate at ■ . - 
-different signaling rates from each other or at a different signaling rate from the.I/O slot 28.into 
which the carrier pack 14 is plugged. Thus, th'e. oir o u it module cjrcuifry on circuit board 68. 
converts the signals received-from optical modules 12 over the connectors 24 to a common 
" " signaling rate. This configuration allows multiple optical modules 12;to share a common set of . 
circuitry that may include some or all of the following: a power regulator 72, an electro-optics 
micro controller [[88]], a TGS~Tjmjng rtantrol System daughter card [[82]] configured to. - 
. * synchronize and control timing and provide a clock generator for die system, and a back plane 
repeater [[74]] to boost signal" strength as the signal degrades due to the length the. signal travels 
on the board. The circuit board also includes ASICS configured.to allow the optical modules 12, 
to be "hot pluggable." This allows an'operator to add, remove, or swap optical devices while-the 
system is in -use without disrupting the operation of the other modules 12 on carrier pack 14- ; 

Referring to FIG. 5, a stack interconnect arrangement 100 in carrier pack 14 allows a- 
column of optical modules 12 to be connected ro circuit board 68. A first optical module 122* 
plugs into an upper connector 1 17 and a second optical module 126 plugs into a lower connector 
1 19. The spacing between the connectors 1 17 and 1 19 'allows the two optical modules Jo fit into 
a limited space such that a second carrier pack may be plugged into a slot above the current - 
carrier pack. In this case, the bottom 120 of the second carrier pack would lie directly above the 
top optical module as shown. The stack interconnect arrangement. 100 provides .spacing between 
"* the modules, - 

In the top slot in stack interconnect arrangement 1 00, a connector 1 1 8 on module 1 22 } 
mates with connector. 117'0na-riser,circuit board 104. The module 122 includes a printed circuit 

\ board' 124. 'When connected, a communication path exists between Jhe prmte&circuit board, 124 

— *«.""■ * *• * 

■ - * -and the riser circuit board 104: ^ ~- 7 ~~ - " • -~ - "■ * 

^- * _ ' - - • - * * . - . 

- -J" A set of caimectbrM-g^^ 

. - i circuit board 68 to a riser printed circuit board 104. A mezzanine connector is a connector 
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* 5 i» cludin 8 ofp" 13 ^ rows and-cblurans used to pass multiple signals through a small 

area. Mezzanine connectors have a male and female portion which mate and un-mate.with . 

... "application of forc^pushmg the pins of the male connector into Ihe^receptacles^of the female.., ? 

. connectors. The mezzanine connectors allow high-spped differential pair dgnals.traversing the. 

connector to maintain.the signal integrity. Thus, a communication path exists between optical - . 

moduleli^and main board 68.. In one arrangement; to provide the communication path using 

the mezzanine connectors", a first male.mezzanine connector 108 attaches to the topside of the 

circuit board 68 and a female mezzanine connector 106-connecmo the riser board 104. The 

mezzanine connectors separate the riser printed circuit board from the main board 68/ When the 

* * male mezzanine connector 108 is connected to the female Mezzanine connector 106, a 

* r communication path forms between the main circuit board-and the riser board. 104. Thus, when, 

module 122 is plugged,iuto connector 117 a communication pathexists between the module 122 

* and the main board 68. The mezzanine connectors 106 and 1 08 can be separated allowing 

removal of riser board 104 from the main circuit board 68.. The remoyal of a single riser board 

may be advantageous in the event of a board failure. -For example, if a riser board fails within the 

pack the riser board is removed and replaced without necessitating the replacement of the main 

circuit board. On the other hand, if circuitry on the main circuit board fails, the main circuit 

■ ' board can be replaced with a new circuit board and the riser boards can be removed.ftxDm the 

: failed main circuit board and attached to the new main circuit board. In order to remove riser 

board 1 04 from main circuit board 68, the user disassembles earner pack 14 (i.e. removes end , 

caps 36 and heat sink region 22) and applies a force to separate;the male portion 108 of the 

mezzanine connector from the female portion of the, mezzanine connector 106. 

Similarly, to provide the bottom connection, a second malexonnector 110 attaches to the 
bottom side of the main board 68. Male connector 110 connects to female connector 112 that 
attacbes to riser board 114. - - . - — ■ . ' 

r j * - - Mezzanine connectors 106, 108, 110, and 112 may include a plastic .body with-metal : t 
- ^ * ^contacts" In one-example, the mezzanine connector attaches to the printedLpircuit board-using- 
%aU gridjuray (BGA)*or complianfpins with post soldering. Jn a BGA mount, thepackage": 
includes bond wires'connected to a laminate and the laminate-connects* to the bond wires (e.g.- 
s mall solder balls) uridemeaththe package. The customer solders the bond wires directly to the ~. 
■ •*» 
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. *" board, thus reducing^* flooT-space on me board/However, alternate connection methods are , 

« «j ^ 5- « „• „ * ^ 

'"' feasible.- ' ~ . - - ~ ' * — - 

- „ *' r , . ~ 

. In another.eiample", -the mezzanine connector attaches to theprinted circuit" board, (PCB)% 
-. - using a flexible peb PCS connection in which a board edge. host connector is on the main board:^. 
" A'flexible pefe PCB plugs intotKe connector that isjigidaf either end with gold finger contacts,.- M 
The' finger contacts mate to the host connector on main card eh'd and directlyinto the optical _-, 
- - module on the other end. The opposite end is tied to the earner housing to prevent movement 
"whitethe optical module is insetted..' " ' 

The attachment of the male and female connectors could be reversed such matDfe&male. 
connector attaches.to the main board and the male connector attaches to the riser printed circuit 
- board. A second optical roooivor gamer pack ±3 14 could be-plugged is-te into a second I/O slot 
directly above the first I/O slot 28 in the back plane 11 of the shelf 16 . In this case, the bottom 
120 of the second jeeeiveF carrier pack 14 would lie directly above the top optical module 122as 
shown in Figure 5. , - ■,' 

Referring to FIG 6, the stack device 100 may alternately include a female connector 
attached to riser board 104.1 14 that is adapted to r eceive r a male c onnector on the optical module 
122.126 tho oonn o ot o r o 1.17 and 119 attaohod to a oot of oocond risiac - oirouit boards 1 12 and 116 
respectively. Correction device's .140 and 144 connect the aooo i id rigor circuit boardo 1 1 3 a a d 
. XA& n pti^al modules 122.126 to the top and bottom riser circuit-boards 104.and 114. The 
connections between the modules 122 and 126, riser boards, and main circuit board 68 are 
aimilor reversed in polarity f male/female connections^ to those discussed cor^erning FIG. 5. • . 

In another example, the.male and female set of me^anine connectors is replaced with a v 
single non-separable connector. A- first end of the non-separable connector connects to the main 
circuit board while a second end of the connector connects to the riser boardfonning a . 
communication path between the riser board to the main circuit board.- i — - 

."- ■ . . ^fe^gto'ttG.7and : 
. Gigabit per second of traffic or greater. In this '»cample, as before^e-carrier "paqk H His multij; 
-* .service pluggable and may accept small form pluggable (SFT) a^d : 10 Gigabit small form . 
' . pluggable (XFP)' devices operating at various signaling rates, m this example, reducing . { . 

8 - ' 

PAGE 10/33 * RCVD AT 11/4/2004 2:04:00 PM [Eastern Standard Time] * SVR:USPT0€FXRF-1lt* DNIS:8729306 * (mm-ss):09-28 •;. . 



' Nov-D4-04 132 i 05pm • Frora-S B /FiCo * +613* T-380 P. 011/033 F-421 

' * *•■ ' ■»* * «* 

Appl. No. 10/680,328 - " ' '.. • " - *" 

extent of heat sink region 22 reduces the overall length of carrier pack 14. To account for the ^ . 
reduced heat dissipation^ second set of heat sinking devices 156 may replace one or both of the . 
\r Topside panels"^ The circuit \ 
- _ perform the-needed functionality or- some of the functionality may be transferred to the optical ~. 

-devices^ -. .. -~ - - - • - .-. 

In the preceding examples, the optical modules 12 may include.but are not limited to,one 
or more of the.following carrier speeds: 8x OC3/ 12 SFP, 8x OC 48 SFP, 8x GbESEP, 2x=l'0G .. 
XFP,and2xlOGEXFP. Optical- Carrier transmission speeds, used in fiber optic networks . - 
conform to SONET standard where OC-1 is 51.85 Mbps. Higher levels are multiples of that - 
' . speed. »**"'. ' '. ' 

A number of embodiments of the inyenrion have been described. .- Nevertheless, it will be 
understood that various modifications may be made without departing from the spirit and scope 
of the invention. Accordingly, other embodiments are within the scope of the following claims. 
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